Civil engineering is characterised by high volatility with respect to working conditions, which are the source of many threats to worker life and health and contribute to high accident rates. The purpose of this paper is to analyse and evaluate the phenomenon of accidents in Polish civil engineering and define the direction of changes that should occur in the safety area. The studies included in this research covered the years 2004-2018. The following indicators were used to assess the accident rates: (1) The total number of persons injured in workplace accidents and this total divided into fatal, severe, and minor accidents; (2) indicators of frequency of accidents in total and this total divided into minor, severe, and fatal accidents; (3) and an indicator of the severity of accidents. From the analysis of statistical data for the years 200-2018, the changes in accident rate parameters demonstrate the continuous improvement of workplace safety in the Polish civil engineering sector. From the analysed data from the 15 years, a clear decrease in the value of the applied indicators is apparent, including both the number of people involved in accidents and the frequency and severity of accidents.
Introduction
Security can be defined as the absence of danger in the lives of individuals and collectives and is related to values such as life, health, property, environment, civil rights and freedoms, social life, and spiritual and intellectual property. Security is one of the most important human needs and is therefore subject to special protection. The right to security is an inalienable human right, and the state, as a form of organisation of social life, should safeguard it.
Workplace safety is influenced by many factors, including technical and organisational conditions in companies, adaptation of working-environment conditions to the abilities of employees, and people's attitudes towards safety and health issues. Improper working conditions often lead to harm, such as death or serious bodily injury, occupational disease and material damage. For this reason, workplace safety often determines the success of a business [1] .
Civil engineering is a sector of the economy characterised by high volatility of working conditions, which are a source of many threats to worker life and health and contribute to high accident rates [2] [3] [4] [5] . The subject of workplace safety in the civil engineering sector requires defining the very essence of this sector. Pursuant to the Regulation of the Council of Ministers of 20 January 2004 on the Polish Classification of Business Activities (PKD) [6] , it covers the construction of complete building structures and works involving rebuilding, expansion, reconstruction, repair, modernisation, maintenance and use of permanent and temporary building structures. High accident rates are favoured by the specifics of work in the civil engineering sector resulting from such factors as diversity of processes, a large number of equipment presenting hazards, frequent change of location of project sites and changing working conditions on individual construction sites, the presence of many subcontractors on one construction site, a high turnover of workers, the impact of weather conditions. The statistical data confirm this. In 2017, the European Union recorded that 3000 people were injured in workplace accidents per 100,000 employees in the civil engineering sector. There were 1100 accidents on construction sites every day. Other countries around the world exhibit similar situations. For instance, in the United States, the accident rate in the civil engineering sector is three times higher than in other sectors of the economy [2] . Also, in Poland, statistical data on accident rates confirm the importance of the problem of workplace safety in the construction sector. Table 1 presents data on the number of injured people and the frequency of accidents per 1000 persons employed in the national economy in 2018. As the above figures show, in 2018, 84,304 employees in the whole economy were affected, including 5247 in the civil engineering sector. The accident frequency index for the whole economy was 6.37 and for the civil engineering sector was 6.02. The construction industry is fifth among all sections of the economy in terms of number of people injured in workplace accidents and eighth in terms of frequency of accidents. These results are better than in previous years, indicating an improvement in workplace safety, but are still unsatisfactory.
The aim of this study is to analyse and evaluate the accident rate phenomenon in the Polish civil engineering sector and to determine the direction of changes occurring in the area of safety in this Safety 2019, 5, 77 3 of 16 section of the economy. Accident rate is a mass phenomenon, and so the level of safety and noticeable tendencies is determined not by a single event, but rather by a set of accidents that occur in a given period of time. In order to achieve this goal, it was necessary to develop a research methodology and undertake the following actions:
1.
Gather statistical data published by the Central Statistical Office in Poland on the number of victims of workplace accidents in total and divided into minor, severe and fatal accidents; the frequency of accidents per 1000 employees; and the number of days of incapacity to work per one employed person; 2.
Develop indicators for evaluating the phenomenon under investigation; 3.
Analyse and evaluate the accident rates by means of development trends models; and 4.
Formulation of final conclusions.
Literature Review
Problems of safety in the construction industry and methods of controlling and monitoring the level of safety on construction sites are undertaken by many authors, focusing their research on a wide variety of safety-related issues, which may be a hindrance to the review of this field. However, such an attempt should be made, because a systematic review of previous research works facilitates the exchange of useful research results and makes it possible to orientate in the forecasted trends in research on construction safety.
Such a review was carried out, inter alia, by Zhou, Goh and Li, determining the division of research on construction safety into three main groups [8] . The first of these groups is research conducted from the point of view of the safety management process, while the second group focuses on examining the impact of individual and group characteristics such as employee behaviour, perception and safety climate in relation to safety in construction. The third group uses and analyses the accident/event data to improve safety performance. This article is part of the scope of this research group [8] .
From the strategic perspective concerning the management of the construction project and safety at the construction site, it can be stated that the subject of dynamically developing research direction in recent years is associated primarily with the use of digital techniques and their impact on the effectiveness of the systems protecting the health and safety of construction workers during the work and ahead of time, at the planning stage of the project [9] . In this group, many publications present the results of research related to the building information modelling method (BIM) [10] [11] [12] . The use of the data set gathered in the BIM model facilitates the combination of knowledge about construction risk and planning of security management [13] . The authors point to the possibility of early forecasting and combining knowledge related to work safety with information derived from the BIM model, for example for the purposes of automating the analysis of job hazard analysis (JHA) [14] [15] [16] . It is proposed to use the BIM model for the purpose of identifying hazards at the entire facility in individual stages of its construction, with the possibility of updating and monitoring the safety status using an automated information platform [17] .
In the second group of studies, issues related to the creation of a safety culture at the construction site and a climate of safety are undertaken [18, 19] . The role of safety leaders in shaping the approach to safety among employees of both the investor and contractors as well as works subcontractors is underlined. It can be additionally strengthened in the situation when safety leaders representing individual participants of the investment process work closely together [20] . Research also indicates the importance of attitude and behaviour of managers running teams carrying out construction works for the safety perception of construction workers. The attitude of managers towards safety issues, their behaviour in everyday work, compliance with health and safety rules can create a pattern of good practice and build a positive attitude among employees [21] . The dynamics and complexity of the construction industry means that the safety culture in a given project that differs from the others. Therefore, attempts are made to objectify the measurement of the state of safety culture in construction Safety 2019, 5, 77 4 of 16 projects, for example by means of an indicator of a safety culture developed using the fuzzy set theory. For its calculation, it is proposed to use data on six categories of safety culture, such as management commitment, responsibility, employee engagement, supervisory leadership, communication, education and safety training [22] .
In the third research group, one of the interesting proposals on how to measure safety is a set of 32 leading safety indicators in construction, developed on the basis of a safety model specific to the construction industry. The set includes, among others, indicators referring to different areas of the safety map, such as variability of working conditions, physical hazards or safety motivation among employees [23] . A significant part of research focuses on the construction market at a national scale, often taking into account the global context of this sector of the economy. Jo et al. conducted a study of the effects of accidents in construction in Korea in 2011-2015, using trend analysis. In order to analyse the characteristics of construction accidents, they used incidence rates (IRs) and mortality (MRs). After their calculation they carried out T tests and ANOVA analysis to establish the relationship between IR, MR and selected categories such as gender, age of employees or company size [24] . Kang et al. investigated the frequency and trend of fall-related accidents on the basis of analysis of 20,997 accidents that occurred in the construction industry in the United States in 1997-2012, registered in the Safety and Health at Work Administration (OSHA) database [25] .
The subject of interest of researchers in recent years is also the method of measuring the quality of the safety climate, understood as the perception of safety in the workplace by employees. The proposed indicators are general or specific for a given type of work or industry [26, 27] .
In addition to traditional safety indicators, the literature presents complementary economic measures of health and safety at work using the cost-benefit analysis method [28, 29] . Researchers point to the limitations of the approach using the cost-benefit analysis, because of the basic problems related to uncertainty, valuation, scope of analysis and quantification of benefits and costs [30] .
Another prospective approach refers to the research using forecasting combining safety assessment techniques with risk analysis and assessment. In this approach, by means of various models, for example using artificial neural networks, future changes in the safety situation in a given construction company are foreseen. The innovative method presented in this group of research is structural equation modelling (SEM), enabling analysis and assessment of cause and effect relationships, e.g., phenomena such as safety culture and safety in the organisation or the impact of temporary employment on the level of safety at construction site [31] [32] [33] [34] .
Another important point is that the use of indicators calculated on the basis of historical data has been criticised by some researchers, who state that the result indicators provide little information on the causes of the accidents [35] . These indicators may reflect safety levels in a reactive way and help to set safety objectives, but do not provide information that would help to achieve the safety goals [36, 37] . Proactive security management requires forecasting rather than post factum analysis. Relying on data from accident registrars may not give an insight into the complexity of the relationship between the factors contributing to these accidents, while forecasting requires an in-depth understanding of the complex safety phenomenon [38] . Despite the critical attitude of some researchers to conducting analyses using historical data and statistical methods, it should be emphasised that the use of statistical material gives analytical capabilities, through which it is possible to identify the causes of accidents in construction and design preventive activities and promoting safety culture on the site.
Materials and Methods
Statistical data of the Polish Central Statistical Office concerning the population of people employed in the civil engineering sector who have suffered a workplace accident were used for research purposes [7] . In accordance with the Social Insurance Act for Workplace Accidents and Occupational Diseases [39] , a workplace accident is defined as a sudden event, caused by an external cause and resulting in an injury or death, that occurs: While the employee is at the employer's disposal, on the way between the employer's registered office and the workplace where the obligation arising out of the employment relationship is to be performed.
In respect of entitlement to benefits, workplace accidents are treated equally to accidents involving inter alia:
•
During travel on official duty, unless the accident has caused conduct by an employee which is outside the scope of his employment duties; • When carrying out tasks assigned by trade union organisations operating at the employer's premises.
Workplace accidents are also treated as equal to accidents sustained by an employee on the way to or from work and on the way to or from the place of work:
Other employment or activity covered by the pension insurance scheme; •
The normal exercise of professional or social functions or tasks; • The consumption of meals; • Study or university studies.
In Poland, workplace accidents have been classified as minor, severe and fatal [39] . A minor accident is an event that is not classified in the other two categories, irrespective of the number of days of sickness-related absence of an employee, but which meets the definition of an accident.
A severe workplace accident results in serious bodily injury, e.g., loss of vision, hearing, speech, childbearing ability, a health disorder that affects the basic functioning of the body, incurable or life-threatening illness, permanent mental illness, total inability to work in the profession or permanent deformation or disfigurement of the body. Whether an accident is to be classified as severe is determined by the occupational health examiner. A fatal accident is one which results in the death of an injured employee within a period not exceeding 6 months from the date of the accident.
The studies involved in this research covered the years 2004-2018. The assumed time interval concerned 15 annual periods i = 1, . . . , 15. Historical data presented in the statistical yearbooks of the Central Statistical Office were used in the study [7] . The year 2004 was adopted as the beginning of the analysed data set, because of the time of Poland's accession to the EU and the commencement of implementation into Polish law of the provisions referred to in many EU directives covering various areas of work safety. The survey was completed on data from 2018, which were the last available data from the analysed statistical yearbooks of the Central Statistical Office. The following measures were used to assess the accident rate in the civil engineering sector:
•
The number of persons injured in workplace accidents in total and divided into fatal, severe and minor accidents; • Indicators of the frequency of accidents in total and divided into minor, severe and fatal accidents; • Accident severity indicator.
The choice of such measures for the purposes of the survey was decided by two reasons:
• It was established on the basis of the analysis of available literature and professional practice of the authors that most accurately characterize the phenomenon and are commonly used by other researchers; • the availability of complete data needed to calculate the indicators was determined by exploring the statistical yearbooks of the Central Statistical Office.
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Number of Employees Injured by Workplace Accidents in Civil Engineering
The number of employees who have had a workplace accident in the time period t i is presented using the following two formulae:
where:
PP i -number of employees involved in workplace accidents in the year t i , lp i,w -number of persons injured in an accident in the year t i , w = 1, . . . ,N, and,
PPi-number of employees involved in workplace accidents in the year t i , lp i,r -number of employees injured in category r, = 1 minor accidents, r = 2 severe accidents, r = 3 fatal accidents.
Workplace Accident Frequency Indicator
This indicator gives the number of employees injured in accidents per 1000 persons employed in civil engineering in the year t i . It is expressed as a correlation:
lp i,r -number of people injured in workplace accidents in the year t i , i = 1, . . . , N; r = 1, . . . , 4, r = 1 minor accidents, r = 2 severe accidents, r = 3 fatal accidents, r = 4 accidents altogether, lz = number of persons employed in civil engineering in the year t i.
Accident Severity Indicator for Workplace Accidents
This indicator defines the number of days of sick leave per one person injured in minor and severe accidents and is expressed in the following formula:
where: i = 1, . . . , N; r = 1,2, zl i,l -number of days of sick leave per one employee who has had a minor or severe accident in the period t i , lp i,r = number of people injured in workplace accidents in the year t i .
In order to present the changes occurring in each of the analysed phenomena and to determine the regularities which characterize them, two models of development trends were developed. The first model is a linear trend function that describes a first-degree polynomial, and it shows the general developmental trend in the analysed period of time. The second model is a trend function described by a fifth-degree polynomial, and it represents an attempt to illustrate the changes occurring in a given phenomenon in particular periods of the considered time frame. The degree of polynomial in the second model was selected experimentally by analysing the match of the obtained trend lines with the baseline data set.
In order to estimate and determine the trend line for the collected data, the method of least squares of errors was used. This is one of the oldest and most important calculation methods used in statistics. The parameters, which make it possible to determine the analytical form of the trend function unequivocally, were determined using MATLAB R2017b software. This software was also used to develop graphs illustrating the analysed phenomena with the trend lines plotted on them.
The method of least squares is particularly sensitive to deviations from the average, which can cause the greatest error. Even a single distorted observation, distant from the rest, will attract the trend line to itself. In the analysed phenomena, it cannot be ruled out that the collected data were subject to a certain error; however, the impact should be relatively small. ne to itself. In the analysed phenomena, it cannot be ruled out that the collected data we to a certain error; however, the impact should be relatively small.
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Workplace Accident Frequency Rates
The research on workplace safety in the civil engineering sector required an analysis of the ident frequency phenomenon using the accident frequency indicator in the years 2004-2018 ure 5 shows trends of changes in the value of this indicator in total per 1000 persons employed in sector. Changes in relation to minor, severe and fatal accidents are shown in Figures 6-8 . The h-degree polynomial describes the studied phenomena well. In all types of workplace accidents trend line in the form of the first-degree polynomial exhibits a downward trend.
In the period of time analysed, the changes in the value of the total accident frequency indicator resented in Figure 7 Figure 1 shows that, in the analysed period, the total number of people injured in accidents changed periodically in an increasing and decreasing way. The highest value of this indicator, amounting to 9937 workers affected, was observed in 2009. Since 2012, there has been a clear decrease in the total number of people who have suffered an accident in the course of their occupational activities. The lowest number of injured persons was registered in 2018. Compared to 2004, the decrease amounted to 52.8%.
The number of fatalities of workplace accidents shown in Figure 2 shows a similar pattern of change. The trend increases and then decreases. The largest number of deaths were registered in 2008, and the number amounted to 120. Between 2008 and 2018, a 60% decrease in the number of fatal accidents was observed.
On the other hand, Figure 3 shows that, in accidents classified as severe, a growing trend was observed in the years 2004-2007 but decreased from 2008 onwards. The highest number of injured persons in the period analysed was registered in 2007; it concerned 206 employees. In 2018, this number fell to 84. Figure 4 shows that, the evolution of the number of employees injured slightly in workplace accidents increased until 2008 and clearly decreased from 2011 onwards. The highest number of victims in this category of accidents was recorded in 2008, when it reached 9652, and the lowest-5115-in 2018. The reduction in the number of workers affected between 2008 and 2018 amounted to 47 %.
In all the investigated types of workplace accidents in the Polish civil engineering sector, a significant decrease in the number of injured persons was recorded. Comparing years 2004 and 2018, there was a 37.5% decrease in the total number of people who fell victim to workplace accidents, a 28.5% decrease in the number of minor injured persons, a 48.5% decrease in the number of employees injured in severe accidents and a 45% a decrease in the number of people injured in fatal accidents.
The research on workplace safety in the civil engineering sector required an analysis of the accident frequency phenomenon using the accident frequency indicator in the years 2004-2018. Figure 5 shows trends of changes in the value of this indicator in total per 1000 persons employed in the sector. Changes in relation to minor, severe and fatal accidents are shown in Figures 6-8 . The fifth-degree polynomial describes the studied phenomena well. In all types of workplace accidents, the trend line in the form of the first-degree polynomial exhibits a downward trend. The course of changes in the values of minor accident frequency indicators, presented in Figure  8 , shows a positive decreasing trend. Since 2008, the year with the highest indicator value, 11.91, there has been a systematic decrease in the incidence of minor accidents. In 2018, the indicator reached 5.86, a decrease of 51% compared to 2008. In all investigated types of workplace accidents in the Polish civil engineering sector, there was a significant decrease in the value of workplace accident frequency indicators. Comparing 2004 and 2018, there was a 49% decrease in fatal accidents, a 44.5% decrease in severe accidents and a 47.7% decrease in minor accidents. The course of changes in the values of minor accident frequency indicators, presented in Figure  8 , shows a positive decreasing trend. Since 2008, the year with the highest indicator value, 11.91, there has been a systematic decrease in the incidence of minor accidents. In 2018, the indicator reached 5.86, a decrease of 51% compared to 2008. In all investigated types of workplace accidents in the Polish civil engineering sector, there was a significant decrease in the value of workplace accident frequency indicators. Comparing 2004 and 2018, there was a 49% decrease in fatal accidents, a 44.5% decrease in severe accidents and a 47.7% decrease in minor accidents. In the period of time analysed, the changes in the value of the total accident frequency indicator, as presented in Figure 7 , show a growing tendency until 2008 and then a decrease in the years 2009-2018. The highest value of 12.26 was reached in 2008.When compared to 2018, when its lowest value 6.02, was recorded representing a decrease of 51%. Figure 6 shows the changes in the values of the indicators of the frequency of fatal accidents. These exhibit a positive decreasing character. In 2008, the highest value of the indicator was recorded 0.148, and the lowest 0.06, in 2018. This represents a change of 59.5%.
The severe accident frequency indicator shown in the Figure 7 exhibits a trend with varying degrees of change. In the years 2004-2007, it is growing, but then, in subsequent years, it is decreasing. In 2008, the indicator was 0.148, the highest value in the analysed period. In relation to 2016, when the lowest value of the indicator was recorded 0.08, we can observe a 46% reduction in the phenomenon.
The course of changes in the values of minor accident frequency indicators, presented in Figure 8 , shows a positive decreasing trend. Since 2008, the year with the highest indicator value, 11.91, there has been a systematic decrease in the incidence of minor accidents. In 2018, the indicator reached 5.86, a decrease of 51% compared to 2008.
In all investigated types of workplace accidents in the Polish civil engineering sector, there was a significant decrease in the value of workplace accident frequency indicators. Comparing 2004 and 2018, there was a 49% decrease in fatal accidents, a 44.5% decrease in severe accidents and a 47.7% decrease in minor accidents. Figure 9 presents the course of changes in the value of the accident severity indicator in the years 2004-2018 and the analytical forms of the trend function. This indicator is well described by the fifthdegree polynomial. The trend line is alternately increasing and then decreasing, and the trend line in the form of the first-degree polynomial shows a downward trend. By analysing a period of 15 years, it can be observed that the number of days of inability to work resulting from an accident decreased from 56.1 to 46.2 days per one injured person, representing a decrease of 18%.
Accident Severity Indicator for Work Accidents
Discussion and Conclusions
The conducted research concerning the changes in accident rate in the Polish civil engineering industry and the results of the research presented in the paper allow several important conclusions to be formulated.
Note that the accident rate in the sector analysed of the economy changes over time, meaning that the values of the indicators used to characterise the phenomenon are subject to periodic fluctuations in different time periods. Three types of indicators were selected for the research: The number of people injured in workplace accidents including minor, severe and fatal accidents; the frequency index also applicable to all types of accidents; and the severity index of workplace accidents. Assessment of the direction of changes in accident rates as a measure of work safety By analysing a period of 15 years, it can be observed that the number of days of inability to work resulting from an accident decreased from 56.1 to 46.2 days per one injured person, representing a decrease of 18%.
Note that the accident rate in the sector analysed of the economy changes over time, meaning that the values of the indicators used to characterise the phenomenon are subject to periodic fluctuations in different time periods. Three types of indicators were selected for the research: The number of people injured in workplace accidents including minor, severe and fatal accidents; the frequency index also applicable to all types of accidents; and the severity index of workplace accidents. Assessment of the direction of changes in accident rates as a measure of work safety required the development of a research methodology based on a mathematical model of the development trend of the phenomenon. This made it possible to present the linear trend described by the first-degree polynomial function and the trend line described by the fifth-degree polynomial.
From the analysis of the statistical data for the years 2004-2018, it can be concluded that the changes in accident rate parameters show a continuous improvement in workplace safety. During the 15 years analysed, there was a clear decrease in the value of the applied indicators. This observation applies both to the number of people involved in accidents and to the frequency and severity of accidents. The analysis of the number of people who died in fatal accidents showed a 45% decrease in 2018 compared to 2004. For severe accidents, the reduction was 48.5%, and for minor accidents 28.5%.
The indicator showing the number of people involved in an accident was supplemented by the accident frequency indicator in relation to 1000 workers. This indicates the level of occupational risk related to the execution of civil engineering works. The conditions for conducting civil engineering works make the number of threats to health and safety of employees very high. The results of the research, which show a clear downward trend in the frequency of all types of accidents, demonstrate the effectiveness of preventive action taken by employers as well as by supervisors in relation to the working conditions. The comparison of 2018 and 2004 shows a 49% decrease in the frequency of fatal accidents, including a 44.5% decrease in serious accidents and a 47.7% decrease in minor accidents.
The last of the indicators used in the research was the accident severity indicator. It defines the average number of days of incapacity to work resulting from an accident per employee affected. It also identifies the economic losses incurred by employers as a result of accidents. The course of changes in the value of this indicator also shows a decreasing trend. In 2018, it was 5.86, but in 2004 it was 11.2 days, representing a 47.7% reduction in sickness absences resulting from workplace accidents.
The analysis of the accident rate phenomenon in the Polish construction industry, which makes it possible to assess whether the actions taken so far to reduce the number of accidents have achieved their intended objective, required research using two models of development trends. The first one was the trend function described by the fifth-degree polynomial, which reflected the variability of the phenomenon over time. The second model was the trend function described by the first-degree polynomial, which indicated a general developmental trend in the analysed time period. Studies on the number, frequency and severity of accidents in the Polish construction industry in the years 2004-2018 showed that the situation was improving year by year. This was confirmed by the graphs of changes in the total number of accidents and in relation to 1000 employees. Although periodic increases and decreases in the level of the phenomenon were observed, the trend line in the form of a linear function had a decisive downward trend. Undoubtedly, the improvement of work safety in the Polish construction industry was a consequence of adjusting the Polish law to the EU law in the area of health and safety protection of employees [40, 41] . Many significant changes were introduced in the Labour Code [42] and Construction Law [43] . New legal regulations imposed additional obligations on employers and investors. These included assessing occupational risk at the workplace, informing employees about hazards, appointing at least one safety and health coordinator for each construction site where work is carried out by several investors and drawing up a safety and health plan.
The results reported above clearly indicate a constant decreasing trend in the phenomenon of accidents in the civil engineering sector. There has therefore been a gradual improvement in work safety in this section of the economy. Although it does represent an improvement, this nonetheless represents an unsatisfactory situation, since a 'zero accident' situation seems a long way off.
The assessment of accident rates is very important in shaping safe working conditions, as it has an informative and motivational role. It shows the current situation in the civil engineering sector and motivates change for the better. Continuing research in this area is therefore fully justified and desirable.
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